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(54) INK JET RECORDING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink jet 
recording apparatus capable of flying an ink liquid at an 
interval equal to or less than the array pitch of 
piezoelectric elements while having a merit of a linear 
electron scanning system and capable of enhancing 
resolution still more. 

SOLUTION: A second drive means for bisecting a 
plurality of piezoelectric elements selected from the 
piezoelectric elements constituting a piezoelectric 
element array in the arranging direction of the 
piezoelectric element array on the basis of the focal 
position of the ultrasonic beam emitted from a first 
piezoelectric element to form two piezoelectric element 
sub-groups [T(1)-T(n/2)] and T(n/2+1)-T(n) and driving 
second piezoelectric element groups at the same time 
so that the ultrasonic beams emitted from the 
respective piezoelectric element sub-groups become 
different in energy quantity at the focal position is 
provided in addition to a first drive means for driving a 

plurality of predetermined piezoelectric elements at the same time and an ink droplet flying 
direction is deflected to a Px direction from a vertical direction P0 by the second drive means. 
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[$#>Si] >f v*tt*fl»H-*>fi'*fW**&, 

fc$»©E®iSf t-i;: i o r * n 5 Ent^r i~r * 

ftfcSftWEtti&^&ftSB 1 ©JE«JlHF-#«rK» 1 

EiwgfSottllK:**-*-* <fc 5 »clH$fcffigH-S* l 
©Kib^St, 

fifcaafcoEBs**** & 4 5 * 2 ©Emsm&fcov >r 
ttig 2 ©Eai^iia* e>»± $ ixfciewis tf-Atfine 

X, ti^2©Em*?ttfrlfflB9r£©ffifK*£9K:E« 
iff* r w ©ffi?ij#fat;:r# bfc**K:*iT^Pii»^&f 

* * i *j j: t«B 2 (D!tnm? mm** e> $ n 

SiSK, **2©Em**»«rliWfc»lW-.5IS2© 

Silo 

[»*«2J fidlE^ 1 ©WBfjRtf, ^-ftigtbSEE 
flT#fc± <9 £ 1 ©EttK^PMBW* i 

[H*^3] fflrflB$2©Blb¥fl:tf, fifJie&l©Efl; 
-fiB©JE«^^-*5*iElb«^ t ft 5 <fc 9 KSWajg 2 ©E 

fWmi$f?B©'>ft < t fc-^tfSfiflfESfS 1 ©E«Uf-?-&i¥t 
SBf 2 ©E«SH ?-IE»i ©R8-?Jlft 5 ± 5 KiMBflS 2 Off 
ttHttlW S © T- ifc 5 i £ Sr^iS i 1" 6 H#Jg 
1 lEifc©^ V^iy hBMML 
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zz.kzw&t-rzmxmimwKnji'tv^y hies 
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lf#£Bg5 6-94 2 9-S§-£:$a, #£Bg 6 1 -5 9 9 1 

-cm >-^iB«r^^^*5*-^; (0iJx(i#^Bg 5 3-12 
1 3 8-5H*$8#S0 #ft?tffjft *>©-?$> -5. mbcoE 
S^yHli, ^tJs'^HItSJv, fE&Jift©*8 

[0 0 0 3] £*UC*tU Bft^y K«r*-f !> s^fcfc 

©f^»!ttfB!*-ettftv\ i-ft*?t>, ^^s^-c 
**tW©*»ftfc#JS+3fl*J©/;*/i' 

^©E;ft£H£ 5 ^■Ctt'T V* t ©#&8jfc5^l*fls¥ 
»4^$fc J: $***©(*##» *fcE®tt©3E#K 
J: £E;*j£te 5 #5tT?fi>f SfEK^-C©ffl$tft1fjt 

w»+©/ x/vsritffi lt^5-> y TATfcaESroeft^ 

S/K-CI4, *©BflS*»j »iL5 it 

y KT?tt»*W(c^ft 9 Wv«*t?B»* 9 «8tU 
flMRttOjiS-C^tftlBjBtftoTV^a. 

^at^tt»i«s©iBi±^«:jlurv>ftv>. -rfti?*,. 

^fC©E*Sr^5*&-Cttii:S2 Oiim (iHISIEiaK 
©^ffitcj; SffAS-ffi 9*-^-ett^©*i!«ft«5t©fcfc 
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^S^^rV^^ (IBM TDB, vol. 16, No. 
4, 1 1 6 81 (1 9 7 3- 1 0) , 3fcS1#Wm4, 3 
0 8, 5 4 7ffl»», *B#^4, 6 9 7, 1 9 5 
^«B#, *S*mS4, 7 5 1, 5 2 9«n«t,« 
S^rF«4, 7 5 1, 5 3 0^SB§, *S«pWB5, 

0 4 1, 8 4 9 *WJHB*. *SMB8 62-66943^ 

1*MB8 6 3-1.6 2 2 5 #MBg6 3-1 
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4-296563 4-3 5 6 3 28f& 
$8, #5S¥5-2 7 8 2 1 8^f§#I) „ r©j@^ 

k^h, <@su© k x/u-w v * m®<Dmm 
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-f Sr*rti-5flE«*^ Of a»&afc£ftfc**«>BE*£ 
^A>«bft 511 2 ©£Efl;igT-»(--ov^-C^m 2 ©BEB^ 

©WIE0fS©ffie^*-t-*J;3CLT» Sf2©Et 
^»Sr«ria9f ^©^B^S^(-ffiS*^r W ©B?iJ 
*[p) (cz:^ Lfc««lc -tft^ft^-T 5 ft 1 *3 J: IffH 2 

©EEHS^ffiP^ ib -e-tb-ejxAdtt $ fts sws tr-A<o 
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«»©ffiB^^ £SI l ©ff «sr?-K: iOWt^5if 
HE f-A©^^ttB5rSSptc U-C r *L«rBE«*^-T W 
©Ba^iJ*[6jlc:-^L.-C2o©JEm^ffi»t L. *tb? 

tL©BEm^^-^»*- e s *ts tr- a *s±gB« 
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[00 11] #3SW;:*5^ 
^©•^H-nflCE***** 1 ©EWSfrf-Wt UTSS 

•a-, ^^Mtt, E*M?ft«»P<L>M, -fftfoibE** 

© J; 5 1 ©SB»#©fc J; 5K»&SitfR8!«l!>*- 
Kiv^CirtfS&S) . fcfc, ©E«**3*©«|jEiS 

(n+l) #i©E«3fr?;&»e>fcSn<l©]&rfcftfiSl© 

1 OEEttK?««rH«eibi-e. wWSjtjlBMHft*- 

atfrffi k»o TEm^©ia?*j try f^ssi- z> mm* 

AMI'S 3. 

[00 1 2] &2<DiEtt¥®l;:«fc5ffil!it?tt, l#id> 
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«^S¥) *E«i!f^S¥©*^ttlc,fc9-$H-3. 

^2©JE®^PSrlS@^f) (n/2) #1* 
-e<DE***!4»b45»l»EE***ffi8l: (n/2 + 
1) #B*»C>n#B*-C©ffi«J|H s -*»b/i5*20JE« 
*f-ffi»£fcE*H-a. -?:Lrm2^£ESig^i¥(cJi-r 
5£-C©E®*?-£-hfem 1 ©BHBi#at <fc SSfifRjii 

fc**s*aj:5teiai«FiiBi(i-i-4©^*>a^ r©t 

t\ MU©E«#*ffi#a»fe©filffclf-A©fg:i:*/U 
(El) tJB2©jgE«*^M#*»fcOiH#«K'- 
A©»3i*/w^-l: (E2) tWi5i?t^t 

1"5 (£JtT, r©«k 5 2©ffiSb¥-©(w£3SKtb£<IS 
foilWMHft*- Vk^oZbtfbZ) . -fftibt,, r© 
82©ffiSi#afc:J;;h,tf, ESiR^ru-'f ©B^ ^ |Jfc*s'f■ 
if4«ll8ist;I^i^ffi£^£#$;: £as^£©-c, a 

[0 0 13] S52©l!«i#S{rj:5ffl|6j»3aKl!i*-K 



14, JBloB»¥«KJ:5SB«»Kl!He-KK:J:!»» 

\>\ «*.«. &2©E«i&*8©«JifcESJR*£fll;ttf 
E«Kf*HB1" ?)LT, 2#ia»e> (n + l) #@©E 
flHJ*a»&fcSnffl©*fcfc*2©E*^Wfc#l,T 
fillRl^ffift*- KT-r ©frfc&IS 2 ©EtS**#fcfSI 

*mm\*. 2#@*»e> ( (n + 2) /2) #@*-e©E 

*JlHF-fc±D*J*S;h„ »2©JE«*^^I4» ( (n 
+ 2) /2 + 1) #S*»P> (n+l) #B*T?©JEm^ 

[0 0 14] 

[38W©H16o»«] #5MHfc:*5V*-C, %i<osmmm 
(4, mi<D®.M^m^ «&-4K»«BEfeitflS-ftBl 

■et*. *fc, *^lc*5^T(i N JR2©lEl!)^i£l4, 

(1) ±E*l©E«*^-ffi»4fcttfB2©BE«*^iE 

5 i 5 fct&BSS 2 OJEMHW«rnbi-«nKf«, 

( 2 ) rabSEft J:tfflttn*flii<!)** < t t>-#aMwe 

£14 (3) MIH^l©ES^ : f-ffiP*fcl4m2©EII^ 
^aE#fcM-f 5E«*^ o-»OE«*^tlWE« 1 © 
J: 0 BUn$iifc«IMt*i: J4&ftfB©I*i!j{i 

[0015] 6tT, **WO**0*l««:HB5«:#Ba L 
<^ 1 ©Hlfi©fi«>H 1 (4, *^^©m 1 ©^*©)^ 

S^©S« 1 1 CTItJIt^T U'W 1 2 Sr#i-5„ 

EaBwriz-f 1 2(4, «^©-«Ji»*o«tt©E« 

4*J:t«[»©^ h?>f^*tfl8iJWil 5 (1) fcv*L 
1 5 (n) tl^iOfflffig^nSo 

[0016] &mmM i 4 izmfrm 1 3 ©±Etc^ 

SUmfiil 5 (1) *V>L15 (n) (fiAT, IBS'J«ffil 
5 (1) -15 (n) Sr&ficl/r, ^(C. i@Si)m^l5 
k^)Zk#*>&) f4, J&tl-etl, E©fr®l 3©*Mt 

mffi 1 5 i \Z X <0 s ES^S 1 3 f4®a§&lc«&©Efl 
1 2 Sr^-rs. 

[0 0 17] Effing 1 314, &<hhf £aWi£©^i£» 



-4- 



(PZT) S/*ffi«#!|SR\ 7^^1)7 

2>„ *fc, #ififffii 4*5iuWJltfii 514, 

=s/^/W, TA^^A, m, y 
9KX.'Qmmb\,X : fci&-tZ>Z-b&X%Z>U *o#jfe 

1S14, 1514, Hy7,yy) y hSrS-g-Lfc^-* h 

J;0^-f5Ci tt?^So yaffil 

® 1 3 Sr*S$*5 r t tci-o-CiS^ffi^^-t-Sc 

[0018] wm,wm 1 3 icsw-r ssts 1 1 (D±.mm 

[0 0 191 SSI 1©±®|C:|4, Sftftl 7*5 

a»|-t6HTV^. roStffrl 7F*3lCi4, ilffl/y 
XI 6cDDDffiSri£?f|5ti-^^ V^{%^1 8©fi®ffi£ 

M£iXBf&£tiX^5> 0 -Yy^^il 8©(«ffi£ 
^•T5ii2!V^*(DiWfl!lE 19a, 19b tei^dfi 

icmtfcU XV v h«MP2 0£7lML-C^3 o -fy* 
&#£l Srtfctt, BfJ£©>f v*«2 l*SJR»*ixTV> 

[0 0 2 0] $T, #5*8*1 l©TEKt4, 
?7K12 t*ffa-f sttBfc, I CftSftfcSBlblHlfS 

(£TF, iEib I C i: v> 5 ) 2 2 fjixr^S. r© 
Rill C2 2(4#7*2«1 l<OTBBK»*S*bfcEI» 

/nv-v (H**r) &fri.x&mnmi 4 t&m$m 

il5il:«J}iTv>5. I»IC22I1> 

**7 W 1 2**©Tl~f #W OBE*JHiF©BM* 
IS), *»Wfc*v*-C±jSDJritnl!:«3) lctiP5-S^$ 
*ifc«ftOEfl«-T-!j»6**£EWI^W«r 1 
(ft 1 ©JE8^*») £ LT^/w-^mffi»(Cl(S^|gtb 

[0 0 2 1] Afcttfctt, »KLfcEE«**»fc#LT 
fc(r4oT, ffi«*?-TI~f 1 2a>P>&lt£;ft,.5i@ : ff8i 

i ia^-f -o-fbitxmnwmzm'o iu 
i^a^ifii id y - r iamb $ * 5. 

[0 0 2 2] i5LTEiiT-7l/^12))^M$ 



ft, ±i^#lRjfc*JtESilfcfitftte--AHt, £?>(;:, 
Wu^Xl 6fcJ:«j±jat*lRltiB[2flSi-4*lRl GM£ 

m&m) fcw**3ft. s^ttii'f y^»2 i©*b© 

j&LT3g*£ft5ri{c4.iJ, MMMfcWTfeh*. - 
K) . 

[0023] 4*3, ±M<o^t<fm-r^^^m<o± 

t£(4, )B#«©Ji«*irJ:o-CftJt*ix»i. EE** 
f7Kl2 ISflEmttJl 1 3 WJ?$^[6]<D*S^flJffl t 

xmg&zmti-zitib, mm»mi 3 ©»£-?(;: 4 9 

(OX. XMtta2fJE«Wll 3 ©»$«»< £5. 
fcib, »ft«©iisv^v^^*y he*SBiS£> 49 

0. EEmttJi 
1 3©«?l§fc^j&j£fc*fti£JSCTji&£ft5. 
[0024] jJctc, h 1 fcjStl* 1 wsat©Jg«lfc*jrj- 

SBEW^T 1 2 <Dffi»^© • 2f 2, 0 3*3 
4tfE4£t>#MLT4 9:ll#WK:lftW1-3. 4*5, « 

1 6(4 : H&£ft'0'>5 <> 

[0 0 2 5] E2i^$ttTV>5<t 5td, S.m.^TU 
-fl2t**t5EtlH-T (1) ~T (n + 1) H, 

3 2tt-tft^en^K»fli-§-«as3 1 i:««j§titv^ s 

V>5*^t4<, ^»{f-^2S3 l*3j;0!aMlHlB&3 2 
14, Ell{c^-t-|3&Sec*Jlt5ffiiij|gIK2 2©«^S 
K«i«#ii3 1 (4iS5^iR©R»ft#Sr*4 

[0 0 2 6] 41* , 11 2 £#H8 LT^ 1 <D^»^S(C J; 
SSltJWiWB*- K*«9H-S. I»f7W 1 2 
«r*fi)i"t«E«*^©5t»n«Offi«*^T (1) ~T 

(n) «r*l©JEm«^*i-r*. r©Il©EtiiF- 

Sp$ftS. rrt?. lSii^nSitwfftf^-T 

(1) ~T (n) A»e>JMtSJx5«#««><flrta#, ®1 
OEtiWfflfifil©'!' >?2 1 W}Rffitr*3lt5 A 

jft-C-SrsJ; 5 }cil®[flIK3 2 K*5V>-cajffil$M&8a! 
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[0 0 2 71 o^-C, lEmm^T (1) ~T (n) ri>6> 
roJEEm^PO^JEm^T (2) ~T (n+1) KM 

[oo2 8] %i<Dm®^mc£<9m®£n 
(i) ~t (n) frbft.tois)xtz.mi£mMy?mm2 

1 a©£p-?*j£U gf^^ln] M^W2 1 alC 
^L-CSE/i^rfe)) P0lC-Yy^}B^^-t-5 o — -e 

**t (n/2) tzomo&.wm* n u/2 + 

1) t©W£ilS) ^POtftS. 

[0 0 2 9] ^(cS2co|El!)^(CJ;S{i^»ffill!)* 

# <EE«**T (1) ~T (n/2) 4>&ttJ*£4i«) 
i»2011«*^-ffi8¥ (JE*** (t (n/2 + l) ~ 
T (n) t^P>*tl^n«cl*$tl5S 

m i a ± v & 2 (D&nmTwm* b it zm 2 coEEmsi?* 

©H»©E«*?- Sr#BiW*» 4 « * i 5 fcll&B» 2 o 
[00 3 0] JcOSrttWKtt^ H4fcjpi-J;5fc» mi 

2) «*.HiE«*-fT (2) <D%.*#mmftm 

[0 0 3 1 ] 5 fc* 2 &J&/SP 
Lfcm l ©ffiK^- KC J: i * t ttftft o fcftft 

Ksotmzmmzitzzk&m. tut. »i©ji 

t (£1) i*2©ffi«**3E»*»&JIH#**ifcfitfi6 
(E2) £©H&3E<fc£-fr-aE 

thsimr-hz. !R2©iSEft¥8:KJ:3iSE 
^r?>o jsm^rw 1 2(-H-t-5tt^i UT(4, & 



Eft-f 5» 1 ©JEm^^-ProEfl^^iSSr 3 6 IB t L 
fc, ;:©4§3\ zKfWffitite 

(3f|5]lX, 1. Skra/secffeS*^, -f^OT 
•ecDje^jSW&Stt 1 5flmt/i5„ EMM=f-T W 1 
2tc^Joi-Sffitb«^-iSjgttli5^LfcJ;5l-i 0 0 

MHznSiiS^-^FT?, iSftl±5 0 0 (5m) , 

mjiii3ov 0 _ p tufc. 

[0033] 0 3 mBB Ltiftw Lfcfg i ©ngft*- Kfc 
ffl) Srt9:S-r5*-ifet urn, 7 is*fr®Vimmz&<5 
(D (2) SrfflvNT7u^wy-vy v^ro 

[0 0 3 4] 
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[0 0 3 6] r (i) ti7vw-ypy^ 

MMWUMZ) T-hZo TE*1K» SC (1) J: 9 
*i?>y5:«-7^/uy-yy ^j/co^r (1) (0~1 
9) £^1% fc;fc*L i =0©<h£\ r (0) = 0X3b 

[0 0 3 7] jjclt, BES^Pratf-CMftBtcSsfi-S^-BE 

SrdttfcttlC, r (2n) <d<F (2n + 
1) ©«HK:#fii-5E*«^*, r (2 n+1) <d 
<r (2n + 3) ©«Hfc#&-f5E**^fcJ*UTffi 

[0 0 3 8] roJ:5fc7u^/na*fflHW!:»<5v^"C* 
jeLfcKSlOffiWf^WwJBEWrBlr (n) (n=l~ 
3 6) SrTIS^2l^-t- 0 r©3 6<@©iES*^P>^ 
5® 1 WffiSSl^*SrP3^KI!i-t-*i,J4, lSfiroEi 
IfcT-t 1 9#S©£E«^©«PK/S±©>f >-^}«ffi2 1 
a©j£p-C, PO^lRlfc'fy^jB^JK^-f 5. 
0 2©A^(Cfofc5„ ^LT, n <@WJES^P<7)fiCB 

SrEH»T- i (i^-f o-r burcmsHDxmm**-* 
•cmwrrtiti. -<>*ffi&&m,m?<nmmt?>y?-dkm 

lfs^T^LrmiwSEiij^atc^tiiiga-f-si:, 02 
© c \c n a -r 5 & KM&m if- a * s . 

[0 0 3 9] 
[^1] 



-6- 



r (0) 


0 mm 


r CO 


0.15 0mm 


r (2) 


0. 260mm 


r (3) 


0. 336mm 


| r (4) 


0. 3 9 8mm 


| r (5) 


0. 4 5 1 mm 


r (6) 


0. 4 9 9mm 


r (7) 


0. 543mm 


r (8) 


0. 5 8 4mm 


r (9) 


0. 6 2 2mm 


r (10) 


0. 658mm 


r (11) 


0, 6 9 2mm 


r (1 2) 


0, 725mm 


r (1 3) 


0. 7 5 6mm 


r (1 4) 


0. 7 8 6mm 


r (1 5) 


0. 8 1 5mm 


r (16) 


0. 843mm 


r (1 7) 


0. 8 7 1 mm 


r (1 8) 


0. 8 9 7mm 


r (1 9) 


0. 923mm 



[0 0 4 0] 
[£2] 











t vu 


5 


nsec 


T /OS 


5 


n s • c 


x to ; 


5 


n c e c 


X 


0 


sec 


x \o) 


0 


8 o c 


x v.o > 


5 


nsec 


X \ / )■ 


5 


n 8 e c 


X {O ) 


0 


sec 


v ( a} 

T V.W ) 


5 


n s s e 


x \ i o; 


0 


s e © 




5 


nsec 


x \ i z; 


0 


sec 


X \l <*) 


0 


sec 




5 


n a e c 


x 


5 


nsec 


t ^ i o; 


0 


sec 


X \\ / } 


0 


s a o 


r f 1 p \ 


0 


s a o 




0 


sec 


T UDJ 


0 


sec 


x U U 


0 


sec 


X \ £ 4) 


5 


sec 




5 


nsec 


t vz 


0 


sec 


* izs; 


0 


sec 




5 


nsec 


x tz /) 


0 


sec 


T I Z 9 J 


5 


nsec 


r 12 9; 


0 


sec 


r (30) 


5 


nsec 


r (31) 


5 


nsec 


r (32) 


O 


nsec i 


r (33) 


0 


sec j 


x (34) 


5 


n 8 a e 


r (35) 


5 


n a e o 


r (36) 


5 


nsec 



10 04 1]-^. ®4\Z7*l,1tm2<omW>&&\C£.Z> 

(00 4 21 12 <Dm®*- K-Ctt, n jB®E«3& ^ 
fe***2©£ESj|H^#©E«JI^©5t», Wie^P* 

WK^tr^stifcfiJstfcaESjjij^^fe*^ 

«*.WffiS>**T (2) ie»08S2 
(2) ©ffisumffi l 3 ttJJfJtroiESeSffc, fc5VM3#i§ 

«i 1 2 1 ffl&mftwtfc if * u< HSHiigi 

BS2 2 fcttmM«j{-§B«c$*vfc^ffilcis:S$tuTv^„ 
(1) ~T (n/2) *»63SWt**vfc«*«3i^/w*- 

(ei) t, m2<D&m%*w.m\zm-tz>EEm*T 

(n/2+1) ~T (n) i^&JWtStlfc***;*** 
3 s - (E2) tt, EKE2i45. 
[0 04 3] CWi5lCnlBOE^i>5>43$2© 



-7- 



(2) SESblHlK2 2ic£<DX#mWm&\Zft 

¥BrvtDfimi?fo pot tt&%&!> L-r tiit&mt a 
a. *«©»^-ei±H4©«Effife*i«iiPx'Nt , ixs. t 
ftfc^E2K*Lfcf^©ffi»#g:fc:J;5>f v*jB4r4 

[0044] s^t, minmw}mmci.&mmz.i.<9 

T*<0ffiri>|::r*lfciS)2ffiBlrfB» Ky h-Sr^^Si 
i£«fc*K SlffilftjIilBS: Ky h^f-^XSr^k^-frTlS 

EIWa.fc5teU !&l©JEE«iff*ffiP©ff®JSf-?-£2 
[0 0 4 5] tfc. S&l©ffS5&*Mi*tf&2©BE«ig 

[0 0 4 6] fcjfe, **^PK5fivHS:«K*>»E«*^- 

*S*tf6ov^T<5fc», JB2«>Ub¥ftK:*»?S4l 
Jfc£ P tc-#ifiv ^SOtK. h 5 2 ©K»#g: 

[0 0 4 7] Rh©J; 5tw, *56BJ(CJ;n«BE«*^ 

<*2©*ifc©»«>jkK, *&wv%2<Dmm<D&m 

[0 0 4 8] *Hlfc<0»lBlC*J»t*-f >"^S?3:y b^y 
K»©S*«*ttH 1 t 9 , *fc, IS 1 ©Kid 

iztmzxhz* 

[oo4 9] z.<D%2w£m<DMm\z&vz>m2<DmW} 

#©(4, nfi©E«3(f*a»P>ft5ffi«Sl?*#©ffi*iif* 
»H, JBl©Bafii*«fcJ:0**Siifcj{SP«:Sl|Wc 
- # S htz® 1 ©ff fUB 4 IS 2 Offi«IW-S»*» 

ft < 4 1> i oEinreHit t in 2 estm 

#i©IBT?*ft5J:5KK»ll*2 2 (Hi) tftt 



5. 

[0 0 5 0] 0iJx.fi. IS 6 lc^-f <fc 5 tc;6 P £SI?lc L 

TH^ShfclllOffiWl^WT (1) ~T (n/ 
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